WD 2006/ 128079 PCT/ US2006/ 020640 1 LOW PONER M CROPROCESSOR CACHE MEMORY
AND METHOD OF OPERATION FI ELD [00011 The di scl osed subject matter

rel ates to data communications. Mre particularly, this disclosure

rel ates tWo20p@12807%and i nproved | ow power m croprocessBET/UEHHE¢Ory and
met hod of operation in a digital signal processor. DESCRI PTION OF THE
RELATED ART [ 0 0 0 2 ] A nodern day cbnmuni cati ons system nmust support a
variety of applications. One such communications systemis a code

division nultiple _access nd data
conmuni cati on bef‘ QJ%%%@ %{g%ﬁfmg%p@ﬁgﬁ@ﬁl i nk. The use
of CDMA techniques in a mul t NES catl on systemis discl osed
in US. Pat. No. 4,901, 307, ent| tled "SPREAD SPECTRUM MULTI PLE ACCESS
COVMUNI CATI ON SYSTEM USI NG SATELLI TE OR TERRESTRI AL REPEATERS, " and U. S.

Pat. No. SFIEID 459, entitled "SYSTEM AND METHOD FOR GENERATI NG WAVEFORVS

IN A CDVA WLAR ﬁ%%@p%ﬁ@g%ﬁ% LB @R HidaBodshBcAsSSi gnee of

t he cl ai ma{i | ect syst emis typically designed
to confor drﬁ)cnﬂmB' this dmﬂmuraiehamdam glsoveDmrel igypedvefllow pogenraicaprasasset andar d

is the "TIA/ | A/1S-95 Term lity Standard for
Dual - Mode ACERBEMAYERAsh c?tp?’i?r wﬁ@g?mg@g Cteg&%lﬂherel nafter referred
to as the 1S-95 standard. The | S-95 CDI\/Asystem; are able to transmt

voi ce data and acket data A newer gener ation standard that can nore
efficient!|d RBEIONQF [THE RE, 2 8f%ered by a consortiumnaned "3's

Generati on g4 ”erSM&oﬁéﬂcﬁ Emﬁéﬁ%’&%)ona tRBRGH RfpdrDa farfeff o©f docunent s
i ncl udi ng If)ocumant Nos. 3G TS 25.211, 3G TS 25.162, 3G TS 25.213, and 3G

TS 25. 114, apgllicattonar@nerssglieorymusioationgsiistent ig aicade diisiqanuliiple 208 st andar d
|'s herei na (%I%gégg/s%m L p@lg {l}gﬁei A G Ror B AR A betl e HPRER g t al si gnal

processors e use in wreless handsets and ot her
el ectroni CSaiﬁme(be&ritehmlm Mﬁhyuwdflﬁll)l\tﬁét@hmeeﬂnanﬂdhﬂs acgess particul ar,

Mol e " eomanicatin tyS s SN0 BT PhORE! Lh0I Tt RER SARERS! Y I
SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING
SATELLITE OR TERRESTRIAL REPEATERS," and U.S. Pat. No. 5,103,459, entitled
"SYSTEM AND METHOD FOR GENERATING WAVEFORMS IN A CDMA
CELLULAR TELEHANDSET SYSTEM," both assigned to the assignee of the claimed

subject matter.

[0003] A CDMA system is typically designed to conform to one or more
standards. One such first generation standard is the "TTA/EIA/IS-95 Terminal-Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System," hereinafter referred to as the IS-95 standard. The IS-95 CDMA systems are
able to transmit voice data and packet data. A newer generation standard that can more
efficiently transmit packet data is offered by a consortium named "3™ Generation
Partnership Project" (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.162, 3G TS 25.213, and 3G TS 25.114, which are readil'y
available to the public. The 3GPP standard is hereinafter referred to as the W-CDMA
standard.

[0004] Digital signal processors (DSPs) may find valuable use in wireless
handsets and other electronic devices that comply with the above standards. In
particular, wireless handsets and such devices are requiring and increasingly will require

that the DSP execute instructions from user-orientation, scientific, and multimedia



that the DSP execute instructions fromuser-orientation, scientific, and
mul timedi a WO 2006/ 128079 PCT/ US2006/ 020640 2 applications, as well as
many ot her types of applications. The processor resource requirenments my
vary wi deMO #W0e1289anmi cal |y for applications such as t BCEUSHO@MR0640
broadcasts, stream ng nmessage tickers, _electronic mail (including nmessages
with attached docunents), as well as fesi dent applications, such as

phot ography and PDA applications, all fromthe same DSP. [ 00051 In

wi rel ess hangdsets and siml|ar comuni gati.ons devd ¢ re is the need
to extend AR °ﬁ§’tnf’é’rs§"eﬁiaf &mﬁﬂgﬁeb?’p%soﬁg@l%fg lcl’%sh?[‘h? e?ees%%ﬁgﬁu%"r%esent s a

critical gOuRARKALLPTark WiddieatiBhahicaly Hhapslizhtoissuclcss tofevisioah devi ces.
Wth this consideration in mnd, it is I olrlt t hat menory

‘an]E] 1o consider

and data chrOAEIFIESHEIEIEE RSP ekars electropis wial GBF/PAGE TEFSABREWIR r el ess
handset el ﬁ%ﬁéﬁ@dcﬂn@&g), ad Well Aesiaéd SpPIRWEIns! RcR BEHIRGxraltyand 2DA
instruction caches repréesents as much as 30% of the total power
consunpt i opppdicationsydlkfedre g a8t i croprocessor. [ 0 0 0 6 ] In cache
menory deV'[Sﬁggather ! eﬁe@‘éhﬁfag s bfl SRS BN R, dlyogmeal Iy and
statically. I's, There'Ts e need (0 conserve energy in the use of a
cache nmenpaseddeekiesd the battdry lifexEserg cdSEtvatpmer, tisiefore grdseatsercritiban no direct
access to the cache penory occgurs, .i,.e.,. during s i.c. oper.ation.. Al so,
Chere i s t AESH@AoRe e SRR BHEFE RALRHHE  Beep A Ble B P ne
MENDry, i Ghind, HUE iBEbrAYI8 ¥bhsid<? BRE AlemOf anddatariaficdsdurded comtitunga ener gy in
the use of cache nenories for certain |ow power processors |n$l enents a
cache | ookByiasposieaoé Hievgralgss bandseelectisal Iz ~Ju fact, RSeopIver fp opesal ?bé?_ cache
| ookup, a B} 'M@-bh el §p§e§ér§§£§1ﬂ&ﬂ RBOA orHiR 1l fowaCoRaSptibher Hi t

condi tion may]be eterm ne y accessing a content addressable nenory-
(CAM ) basedreleaghandseCalitroproeetserag i s organi zed into sel ectable sets so

that the tag val ue t | ted set.
The sel ect 3§%@§3he set” ¥ %@&%ﬁ‘r’fg%’ g‘)%}egsg{eet% %fgn gcgnoe?v%ﬁ%rgz/gdgggsed
address of dgmdnficatBrandstatiCily. Thatds, Hicte Maitlel needtoononservdeneiih itzesusd of ag
specifies and activates a tch || corresponding 1o the hit |ocation. [
0 0 0 81 ByalEmAERARAGVIFH Eﬁl“m?? HSBSP ﬁﬁ?f’éth"qpﬂnﬂe@,"e R AR AR e gy
consunpt i ORGERY Berh6iy dobifts, 3@, datihgy/statdipestiah s AheisThemed teis conpar ed

to the parallel addréssable cache nenory. This is because parallel
addr essab| sorsgrigenergy when the DSP accesses the cache memory, 1.e., during dynamic

operation. One approach to saving energy in the use of cache memories for certain low
power processors implements a cache lookup or searching operations serially.

[0007] In a serial cache lookup, a hit condition is determined prior to data
access. The hit condition may be determined by accessing a content addressable
memory- (CAM-) based tag. A CAM-based tag is organized into selectable sets so that
the cache tag value to match is only presented to the selected set. The selected cache set
is determined by a set index of the accessed address of main memory. So, if a hit will
occur, the CAM-based tag specifies and activates a match line corresponding to the hit
location.

[0008] By selectably identifying a match line, a reduction in energy
consumption occurs for the serially addressable cache memory as compared to the
parallel addressable cache memory. This is because parallel addressable cache
memories fire all cache ways simultaneously during dynamic operation. Since all cache
memory sets fire during parallel addressable cache operation, those sets not matching or

containing valid content fire unnecessarily. The result is unnecessary energy loss.



menories fire all cache ways sinultaneously during dynam c operation.
Since all cache nenory sets fire during parallel addressable cache
operation, those sets not matching or containing valid content fire
unnecessaMQ IP06/I{EIr esul t i s unnecessary energy | oss. PNOUZEHESA28079

PCT/ U52006/ 020640 3 [ 00091 In both kpown serially and parall el

addr essabl e cache nenories, match |ines are always pre-charged. CAM based
cache configurations include match lines that are pro-charged in the

pr e- char ge Wﬁ; Th ' %H@ig | | AR, e on a
mat ch or hw) and argng%g(ﬁg%gﬁagk a é}gl?étg{i:q{la%?m?ngas@g%lin Su%f?mg?fcui ts,
a "foot" Hlires'asd abepys pre-ampatt CAMrhyset) eadhs ecnfignratiodsimetiide swkdidmes that ent s
that arise duri oth static and dynam c. cache nenpry. Qperation. Wile
thi's appr oAt AHagnaed e Poimatecaitse B Bhf TS ErlR R iE b0

pr e- char gepiage éd 4 maBh@ hit] @ Srey@échin@sdibi § niidinActeogyiss.| 8ch dlvuégaer, in

cache menories that enploy a "sleep” transistor, otherw se. undesirable
i npedance €R91SPE “slepp HanagenTBaREHSPY todpiesi ‘?ak‘[@(ﬂﬁimﬁg@fﬁréﬁeﬁ% a need

exi sts forygy %ﬁ@&%ﬁ’c &Eﬁ&ﬂérﬁo%%eﬁﬁ@r[. iR tdsApproadiIRaPredidd Bohndr

electronic circuit that avoids both Static _and dynam c energy | osses
duri ng DSPenspgstlatkiage. th exdfdante offa prerchiwge on @B anatobi lanes yetgpsulis pSmetrgyat avoi ds

the use of.,a “foot" oqr _5sleep". ' « ”» . . ant

i neffici en%oﬁseé\&%ﬁ%i’ef’é%ﬁ%c&gn}eﬁg’fw%r@%n %‘Jl géu‘}r)g isil&gaé%g%sﬁéé%ﬁé%é%gh an el enment
W th a cactugiesiedbs npetidneyiekists ldBRYe njelfdiptirchétchni ques for maki ng and
using a | ow power mcroprqQcessor cache. nmempry and net hod of ogper.ation are
di scl osed, [Qﬁ%h tec ?Ca{}’ggg? ’rﬁ‘ﬁ%e?)‘g@“ﬁﬁfqﬁ aﬁ@e %%%f}rﬁﬂt%fo?%%&&s‘gaci ated
di gital sigRelor BhARe SIBGFordd Wrchft GRPARIdSWIERRICHNI AyhikicRArgy $RsesOf MENDIy
circuitry associated wth such digital signal processors and simlar

conponent . d@ingtPIRepridtiples may provi de beneficial results in a variety of

appl i cati e 3o asa paiaphigh AH £OSP UAPLRAIAL. Blditaodtosl stant s,

wireless h simlar ectroni c devices. [00131 According to
one aspect “siept’ lrenstecind skeckoscrppitant inefficienries arvileakage thapmey pewdia net hod
and a system f.or pravidi.,n a l.ow pawer cache nory circuit for a digital
si gnal proﬁ%g%‘?)t?ngtpﬁ% aréglgxgsx? evlsflgisa‘ioaﬁ ¥ CECHE MEWGry with a plurality of
cache nmenory match lines. The cache nenory match |lines associate with

addr essabl e
SUMMARY

[0012] Techniques for making and using a low power microprocessor cache
memory and method of operation are disclosed, which techniques improve both the
operation of the associated digital signal processor and promote the energy efficient use
of memory circuitry associated with such digital signal processors and similar
component. Such techniques may provide beneficial results in a variety of applications
such as personal computers, personal digital assistants, wireless handsets, and similar
electronic devices.

[0013] According to one aspect of the disclosed subject matter, there is
provided a method and a system for providing a low power cache memory circuit for a
digital signal processor that associates the cache memory with a plurality of cache
memory match lines. The cache memory match lines associate with addressable
memory lines of an addressable memory. Bach of the cache memory match lines
associates with one of corresponding sets of the cache memory. The method and system
maintain each of the cache memory match lines at a low voltage. Once the digital signal
processor initiates a search of the cache memory for retrieving data from a selected one

of the corresponding sets of the cache memory, a match line drive circuit drives one of



mepory |ines of an addressable nenory. Each of the cache nenory match
lines associates with one of corresponding sets of the cache menory. The
met hod and system nmaintain each of the cache nenory match lines at a | ow
vol tage. Once the digital signal processor initiates a search of the
cache nenBPPO44R8Wt ri eving data from a sel ected one HfTPHEAEBI¥spondi ng
sets of the cache nenory, a match I|ne4dr|ve circuit drives one of WO
2006/ 128079 PCT/ US2006/ 020640 4 the cache nmenory match lines froma | ow
voltage to a high voltage. The selected one of the cache nmenory natch
lines cor rtﬁé%ﬂgﬁm 3 B%cﬁ%h&cf&?%ﬁdwvmag& Rea Bigh VESRRNH G SR Sne Of the
cache nenory. ital signal processor conpares the selected one of
the cac hdhﬂmﬂw ylemncmaﬂCh fiess qoprespondste dled wlested one obthe chesadeiesichbl e

menory lin IIovm h i s the one
of the cac err%if’merme‘m VQ#’E ?L %&eigP %% 51@ﬁ&sﬁga&e%%%&ggaf&%%&%%%ese and

ot her as pe@tzlsa mémbﬂyenaicISMeGS@m ssadnjisted ot theraddesssahid therasry limdsli t i onal

novel features ren fromthe descri ovided herein. The
intent of Y94 Oglﬁhﬁﬁ?@pwg‘g%@ %e yacess Ee'c}}%sr ﬁ@ﬂ%g{} %‘:218 P}CB}OI%W% t he

cl ai ned sulmegfdtheqm,&{,@[agebut rather to provide a short overview of sone of
the subject matter's functionality. O her systens, nethods, features and

advant ages %4l pr ovildeer ‘Widlolther B@é@ﬁﬁfféﬁ%fﬂé?ﬁd spBjeRfTRAE128 YElieF | i n t he
art upon eﬁi@mgﬂgihﬂoggl % 1‘11%'5 dPﬁ{Hr&ﬁ frofl (b RES rigveh ﬁ@%@éd gdeidener i ption.

is int onal systens, nethods, features and
adv ant agesintentof this eummmt)uld adt toibee hlcnmpwh@lsmgbmﬂptm@ af thp elawhedtubjeethe  sco pe

of the aCCO?%T It?egli,ﬁt%‘wglrﬁeggé%rt \f%%%%vgoglo c%t%:w-.[) t WJ\‘@ [0015] The

f eat ures dsed st matter wll
become nor gnmapRak®nNOter OtehiipmeBdbay, Fatdraesnd aiphiagas lsaé proardt:@lwlﬂél ow when

taken in conjunction with thgﬁgraﬁn gs i n which Illgg\6 (g%erence characters
i dentify bespme apRiER HRyPEF Wil SR t A HRPFTEPEAHOD P e HsaURE lis a
si nmpl i fi edplb@REs ShAG:AHIAbsRipEONMUP it @lde@ st Y sicBAudifiofal kysnaent i ng t he
present enbodi nent; [ 0017 ] IEI GURE 2 illustrates a DSP architecture for

carryi ng fwoethpds, f@mwéwﬂw@éag@fr thetpse e bdehitbingbigdeisnption, bpwithn tht GURE 3
presents asc%ﬁ@oi‘tﬁé’%co%'p@l%ﬁé@lgﬁnsa control unit, data unit, and

BRIEF DESCRIPTIONS OF THE DRAWINGS
[0015] The features, nature, and advantages of the disclosed subject matter will

become more apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

[0016] FIGURE 1 is a simplified block diagram of a communications system
for implementing the present embodiment;

[0017] FIGURE 2 illustrates a DSP architecture for carrying forth the
teachings of the present embodiment;

[0018] FIGURE 3 presents a top level diagram of a control unit, data unit, and
other digital signal processor functional units in a pipeline employing the disclosed
embodiment;

[0019] FIGURE 4 presents a representative data unit block partitioning for the
disclosed subject matter;

[0020] FIGURE 5 portrays the digital signal processor pipeline operation of

the data unit of the disclosed subject matter;



other digital signal processor functional units in a pipeline enploying

- the'disclosed enbodinent; [ 00191 FIGURE 4 presents a representative data

unit block partitioning for the disclosed subject matter; [ 002 01 FlI GURE
5 portrays the digital signal processor pipeline operation of the data
unit of tW@ZHQGélé?Og%ed subject matter; WD 2006/ 128079 PETVENSI8YE20640 5
[ 0021 ] FIGURE 6 provides a schenati Cs of the data cache match |ine
circuit of the claimed subject matter; and [ 00221 FIGURE 7 shows a
timng diagram corresponding to the operation of the |ow power cache of
the disclo mbodi Rﬁ? I N4 cAdrE nRkda@i lefecEMIOD! MENTS
[ 002 31 F@I—J\’E 1 isﬁz@g np légv%adgp%lgzglc é‘%aggram of a communi cati ons system
10 t hat cdhe clajpledreiectinimtepredent ed enbodi nents. At a transnmitter unit 12,
data is se typic J ets,. .from : mt (TX)
data proce 500%'2]16 th kbﬁ@@oﬁsa&% gl%,d% n %g%g%gngglgjt?ﬁl{ee%gg{ay?g?gener ate
one or nortke RRIGHEGr sichval the didbscdsmbadgnaitgnal s are then provided to a
transmtter (TMIR) 18 that nodul ates, filters, anplifies, and up converts
t he baseband signals to generate a nodul ated signal, The nodul ated si gnal

is then trgp$RiLEADPERAMION ARG HRCIENE EMBODIBIENTSI ver units. [ O
0241 At aTecerver unit 22, the transmtted S|gn?l Is received by an

antenna 2W0eEH provifdE¥RIol & ar%]éﬁ@"é’rm?wa@@ 2 QPPRVHCAMIE SYEPR 26, t he
recei ved S{(ﬂtﬂ@tlcahﬁn IMt'tlfl%]@gseniéflehﬁ)B&gle doup, Mkt 19amRidkaied, and
Vi phas ) an ?Q) sa

digitized to generate In e ) npl es. The sanpl es are then
decoded angpipalhciesstedrdy adanscercy & (RGandatt4TXpdae prsewsot® thy recover the

transmtted data. .The decoding a rocessi Lyer L 22 are
pert or med PRI HRARCT BB e Ay e oo heat hyeaR by frmt Tk
per for med afaldglsamaRiatd tén proiided & a tFhemitee ORMTRY 18l dtaamodultthee filrspvi ded to a
‘data sink 30.. . [ 002 5] The signal .processing descyi . ab supports
transm ssi Snalifiss. apgiug@?nve\r,tpgg ,as%aﬁiﬁgnag%tf’ﬁ?ﬁég§é‘§ﬁ‘$f&?eeddmagﬁﬁgr types of
comuni cat i 1h8d 9B%u1 S theCEhRMhitidd R4 an HitdrRe Db @Née Y RNOFY RIceiREr S, Syst em
supports two-way data transm ssion. However, the  signal processing for

the other @PPe&lion iAf arerciwhonh2?-ihrrosREted siggpl SrerpIvPEPY 9 afierrap 2 61
Cor rmmi cat4) ons, SHFEAT 10 FRP (BEVR) £0 R nth Ydcsi B Tl bRl fadEkess

amplified, filtered, down converted, demodulated, and digitized to generate in phase (f)

and (Q) samples. The samples are then decoded and processed by a receive (RX) data
processor 28 to recover the transmitted data. The decoding and processing at receiver
unit 22 are performed in a manner complementary to the coding and processing
performed at transmitter unit 12. The recovered data is then provided to a data sink 30.
[0025] The signal processing described above supports transmissions of voice,
video, packet data, messaging, and other types of communication in one direction. A bi-
directional communications system supports two-way data transmission. However, the
signal processing for the other direction is not shown in FIGURE 1 for simplicity.
[0026] Communications system 10 can be a code division multiple access
(CDMA) system, a time division multiple access (TDMA) communications system
(e.g., a GSM system), a frequency division multiple access (FDMA) communications
system, or other multiple access communications system that supports voice and data
communication between users over a terrestrial link, In a specific embodiment,
communications system 10 is a CDMA. system that conforms to the W-CDMA
standard.

[0027] FIGURE 2 illustrates DSP 40 architecture that may serve as the
transmit data processor 16 and receive data processor 28 of FIGURE 1. Recognize that



(CDVA) system a tinme division nmultiple access (TDVA) conmuni cations
system (e.g., a GSM systen), a frequency division nultiple access (FDVA)
comuni cations system or other multiple access conmuni cati ons system

t hat supp®OR8oeMesce and data communi cation between usRYIEUBHE02¢40
terrestrial link, In a specific enbodi Kent, comuni cations system 10 is a
CDVA systemthat conforns to the W standard. [ 002 71 FIGURE 2
illustrates DSP 40 architecture that nay serve as the transnmt data

processor recel data r,ocessor L t hat WO
006! 1200 P SR bRF e bR TG A o %gt TEA“ gt LR

am)ngf? grpe@thsaaaﬁb@n‘uﬁems ﬂiabxln@y dﬂf@iut/ay usd @aadaclupgméssmepamamgi ments that
may effectively use the tea » sent e I n DSP 40,
t her ef or ePr‘isﬁ?t%%é%DﬁB%%’if 'F 6659?8“%50 q%é fgﬁﬁ )qurga%sets Phstructions
from di ff%ﬁ&%&u&@ﬁ%ﬁ&fﬁkﬂ@ﬁﬁé&eé m%ubltmntunétl(m’) @fefcﬁ&ghﬁamnaﬁstfwct ions for
t hreads TO: T5. queues instructions TO thro gh 13 ("10:13") into

i nstructi dhreéfbéﬂbTS (IU@Z muesuxgtwatl@@sw.égwahs@I(Jé?tl &ﬁ&toj}@stl?:?tl‘i’%‘ilﬁu?)r ocessor
| [
pi peline :{fp) i R993 %9{51 4?I% ﬁcﬂﬁ 16093 hdtc';'g{ge%@& g&&é’l‘% ab. Ifrbée%éﬂrtp[ fsagel | as

a data pa single hread TO ybe sel ected
by decode iatidics sentel cirewitry bs W&l ai qlxézi paile FrogilQ %omsm@lb ﬂumdt, egREmyads0

provi des | ont.ral o deco and issu ir U|tr [ 002
81 1Q 44 ifprBYZ’E SREERL %@P&Wﬁdgsﬁuf?‘é‘w&fﬁ 18% r"ﬁ% @@%ﬂé}%{@?ﬁso Each
of the sipfotilds@ads cdidol & ddade dﬁ&?ssﬂ@mﬁdﬂﬁt@owﬁldﬁamm separate eight-entry
I Q 44, where each entry ‘Dgi store on VL'}[% ? ket or

i©

i ndi vi dual [QG%tIr uct i 8R4 IDEE deikeenn g sligiag bt 1‘9W°W§Pﬁit’8@’in I%ci\ °(hared by
al I threadg, {0k, 886a%. TgaaNOsP §§ Hl@gﬂ@héélapﬁ%rﬁ@%ﬁﬁﬂem@f IQUY, Sdete\ach

super scalar I nstructions at a ti ne, as wel f or gener ati ng control
buses ancnbperarstise pur VEEE pagicpel unre f@u@@vléu@mmmnadaw%ﬁld decode and

| ssue cir Cll§|5| Lt %%}ntrg 4? ?Of‘%?% l§ lSQ&I‘GWAl?ﬁ%F%Q& fO?H&?OQ§X§%&] %@ﬁﬁ%ghﬁﬁw ?ﬁfié’feen the

two ol dest i ons entr Instruction sue usi ng,
for exarrpl@,uplﬂ@tvﬁtgs@meaﬂaﬁadtmctmm%a tigpe, astverdlmsufwseramcﬁmd ogeT s

shared by all thr s for.r te el i ne
stal | condf Ioaggn@?}gheag p{pﬁ %Lgﬂgt‘ﬁiyﬁo i%\%“fhz“ g%qogg*,a% Iﬁsdl rahgy

mai nt ai ns 48Q1dégélamséﬂgﬁﬂveﬁtaﬁd dépeﬁ@e}@gk chdel Opereat tenwo geRrenalid ighaioas file
(GRF). 52 and control ister file (CRF) 54 of selected thread is read,

and read dalQ 4enER ﬁctr nfl SRS SADELPRCRIRIPH Ufipg superscalar issuing,
techniques. PLC 50 logic is shared by all threads for resolving exceptions and detecting

pipeline stall conditions such as thread enable/disable, replay conditions, maintains
program flow etc.

[0029] In operation, general register file (GRF) 52 and control register file
(CRF) 54 of selected thread is read, and read data is sent to execution data paths for
SLOTO:SLOT3. SLOTO0:SLOT3, in this example, provide for the packet grouping
combination employed in the present embodiment. Output from SLOT0:SLOT3 returns
the results from the operations of DSP 40.

[0030] The present embodiment, therefore, may employ a hybrid of 2
heterogeneous element processor (HEP) system using a single microprocessor with up
to six threads, T0:T5. Processor pipeline 46 has six pipeline stages, matching the
minimum number of processor cycles necessary to fetch a data item from IU 42, DSP
40 concurrently executes instructions of different threads T0:TS within a processor
pipeline 46. That is, DSP 40 provides six independent program counters, an internal

tagging mechanism to distinguish instructions of threads T0:T5 within processor



. SLOTO SLOT3. SLOTO SLOT3, in this exanple, provide for the packet grouping

conbi nati on enployed in the present enbodi nent. CQutput from SLOTO SLOT3
returns the results fromthe operations of DSP 40. [ 003 01 The present
enbodi merwo 20d6ae88fore, may enploy a hybrid of a het erf§gehesed 2@ enent
processor (HEP) systemusing a single _mcroprocessor with up to six
threads, TO:T5. Processor pipeline 46 ‘has six pipeline stages, matching
the m ni mum nunber of processor cycles necessary to fetch a data item

fromlU 42, SP 40 conc rr.en execu n & ent

t hreads TOPFEGHE R 22095 %E%’%é’@{mgﬁ?rbé }Fﬁad @Hﬁrﬁg 4L &l%ggg&% provi des

G St DUl S e e Y e 10 T5 Wt i p ACRGASSor. 0. 2006 128079
i stinguish instructions o reads W cess.or

PCT/ US2006/0923640 7 FhHH&I haroxies aheele VAR ?ﬁ@%ﬁ%ﬁ 4@ ‘?lfﬁogaévgf‘é“&fet hr ead

switch. T réé‘fﬁife%l&vﬁftﬂ@@%oééewﬁm Inraaat ;ﬁé@eﬁt@ﬁ&@ loy tte wmycl es.

[003i] FI 3 provides a brief overview of e DSP 4Q m cro-architecture

for one namicfoemthitecame Wp@%@tﬂiegﬁqddgﬁﬁtm%éw&@ﬁéﬁ“bJ?Crtrﬁ}agﬁ%h?f%t i ons of
the DSP 40 r Ty, | MT) .
The subj ec%lsc%?c{ ‘gea?%\g&e{h% |§‘éssjccl:1 8@%@% ISI?[&AE dﬁ%%:qggxec u?%rlgg{r?%r@r%ggem TE)

si ngl e t hraade thbhghtsdhs m@uaeedmdeblyomulmaceswnAbmgtdtbwg@seeeﬁ ceplateshar ed

menory mul ti proces | e .t hrea sees. a co essor DSP
40 with al‘lmP%P??@Sépéﬂa’lﬁl}‘ﬁgﬂ%}%“f?&ﬂ SR ‘P&%ﬁ‘v&m‘r‘ rﬁ“ﬂ% ﬁefggeint shar ed
menory faciphiel k@snordy Rlefitlehngaehrbsl iakbietd @neonian eﬂtsenammmnmomm ze with
other threads. Whether these other threads are runni n% on t e sane

processor BreadmSfster thepaetberdbreadsgrg HpREE YL AT RFTEOL oF FEBFL | evel

software 4@ FeQdRE 3awhfe present micro-architect re
60 for g gesg?ﬁcwfgwéﬁoﬁ% 1unlt (SZU) 62, which perforns mang of the
e

contr ol fuh(o‘,@m)ns forTunpn@WREBp@b preeend Gricrotgrduteamred PeRSY HP eads and
requests @ﬁeg‘?jﬁgaﬁ‘ff 3&‘5}?%2 Rlikicn | e?i%%xﬁyfﬁ[%h}pgﬁthyz ol Hiritfonsht 62,

furt her nor I Ssues I'oNns to ree execution units,
shi ft -t ypeptdsédr pifelifel46. Al 62 pdhydtlsspbrends and(eri):st%m@lri& Hioad/XBthor e uni t

I T o
00331 SL O-I_Qe@tﬂg)nm |shﬂﬂ-t@§é RESURGE rhdhifWd 6653, unfd a6s aﬂdﬂoMﬂs’c@r@ un@nd
SLOT3 is in SU 6 provi des source operan and control s to
pi pel i nes (DU) 68. CU 62 also performs superscalar dependency checks Bus interface umt ?l?)‘)
70 interfaces TU 42 and DU 68 to a system bus (not shown).
[0033] SLOTO0 and SLOT1 pipelines are in DU 68, SLOT2 is in MU 66, and
SLOTS3 is in SU 64. CU 62 provides source operands and control buses to pipelines
SLOTO0:SLOT3 and handles GRF 52 and CRF 54 file updates. GRF 52 holds thirty-
two 32-bit registers which can be accessed as single registers, or as aligned 64-bit pairs.
Micro-architecture 60 features a hybrid execution model that mixes the advantages of
superscalar and VLIW execution. Superscalar issue has the advantage that no software
information is needed to find independent instructions. A register file pipeline stage,
RF, provides for registry file updating. Two execution pipeline stages, EX1 and EX2,
support instruction execution, while a third execution pipeline stage, EX3, provides
both instruction execution and registér file update. During the execution, (EX1, EX2,
and EX3) and writeback (WB) pipeline stages IU 42 builds the next IQ 44 entry to be
executed. Finally, writeback pipeline stage, WB, performs register update. The
staggered write to register file operation is possible due to IMT micro-architecture and

saves the number of write ports per thread. Because the pipelines have six stages, CU 52

may issue up to six different threads.



+ SLOTO SLOT3 and handl es GRF 52 and CRF 54 file updates. GRF 52 holds

thirty- two 32-bit registers which can be accessed as single registers, or
as aligned 64-bit pairs. Mcro-architecture 60 features a hybrid

execut | onVABMEI1280AAt ni xes the advant ages of  super scal@YUIAL A
execution. Superscal ar issue has the advantage that no software
information is needed to find i ndependént instructions. A register file

pi peline stage, RF, provides for registry file updating. Two execution

pi pel i ne stages, EXI and EX2, support instruction cytion, while a
third execdtogéﬁ]pi pel FHEURE dguesciizd repspssiiees at%lﬁ?lhﬁsﬁﬁrt’}{?% on execution

and regi st gb.ikibly MiiP@e ERElosesbebtQRatiet. D 68 BlZudes AAT §93) and
wri t eback ?%}15}61?%%?1%%%%%?6 420%?[% Ig’s t he ene_xt I Q 44esent ry to be

execut ed. Fibichl figther irdludsh AR 8 lpaidi HEUL Ba g rearing Pertisme & st er

updat e. Thioa(gétgg%%ﬁﬁa Wit H98.I {dafRs GREIAY 69 nd SroPQSSi bl @ due to
| MT micro-architecture an saves the nunber of wite ports per thread-
Because t heopiqieighdles AGUS0sind AHiA§es:s well a5 ommayicitssweh dpga cachs ukit,

pr esents aNabrEsBHURAUR Get e GHit OB e SORPRED QP PO AG Mer cin

may apply thes 1gimsul 86 .69CT 86jcegnuiRbfecetvith PldnfBy inand gedrat AGUY“BOIU” )T ch
further includes AGUO 81 and AGQUL 83 for recei v%;? i nput from 62.

Load/ st or e 28& AU & DG $6 includey SRAM siate yraysiirtih S ¥s ahigheh cegyie®: and

pr ovi des 1) oSy 9RALE AROIACH-BOang BhdhiRer @uell as comuni cat es
with data gﬁgﬂé arﬁsd , ’%)CU 86. AL%@84 al so rgggxgri vegii_nput from AQU 80 and
CU 62. CQut pwt03Briom AGDUSE exgodss lpal-Doe) sg6s-HDEnE e 2duhmeinicianseiony t h nenory

managemnent Et g (o MWL A n . iAck: : array
circuit 88,Atisr}‘ty %?'eThglnila %\refgdt%ﬁeggﬂﬁh% éggs m% ﬁgla pg\'ér:e lrhggéa%)f%@mlgg a array
2?br2n? y:ogm;a‘:jﬂ %g@g'e? s 19;:51 E[Xz)EommﬁﬂALu 826&T emmihoa?gtype’f

- , & - Di S c r : e RRj eatures o
the DU 68 ipﬁ@ﬂald%lﬂefhﬁ}?ﬁi?f Sgr‘éﬂjﬁ‘ﬁ{eﬁe@ﬁir’gﬁﬁémyﬁ%ﬁpF eljgt?ef VEER oo pi pel i ne
stages RF, sBherstalar BXA insE¥Gionafde Whhepdi P flelfdifbl$ BROGY di8tg: dnbehtade orpar al | el
pi pel ines of SLOTO and SLOT 1. DU 68 nmay _accept either_ VLIW or

super scal arcagheable fasd of st iBririciensed2-Whérld $ rierepabry! BLOMS execut es
rncacheabl qns‘?fuctiéé@%@?% Cxdc AR BBl ®r LRIEIHCTLO DR trudZubhty A-b; 84

instructions, an Instructions. SLOI1l executes uncacheabl e or

cacheabl e 1Add 8# nstrnetons.ons and 32-bit  ALU 84 instructions,
[0036] DCU 86 provides a physically tagged multi-way and employs a serial
tag-data lookup. DU 68 operation includes pseudo-dual ported supporting simultaneous
access from SLOT0 and SLLOT1 in a 16-way set associative architecture, With a 32 KB
capacity and 32-bit line size, DU 68 may be shared among all six threads, T0:TS5.
Moreover, DU 68 provides a “not recently used” replacement policy together with an
inter-thread non-blocking operation. With page configurable write-through and write-
back and cache locking by individual lines, DU 68 provides an 8 XB tightly coupled
memory (TCM) in one embodiment.
[0037] The following description details certain further features and functions
of DCU 86. DU 68 executes cache instructions for managing data cache functions of
DCU 86. Cache instructions allow specific cache lines to be locked and unlocked,
invalidated, and allocated to a GRF 52 specified cache line. There is also an instruction
to globally invalidate the cache store/retrieve instructions. These instructions are
pipelined similar to the load and store instructions. For loads and stores to cacheable

locations that miss the data cache, and for uncacheable accesses, DU 68 presents



[ '003 61 DCU 86 provides a physically tagged nulti-way and enpl oys a
serial tag-data | ookup. DU 68 operation includes pseudo-dual ported
supporting sinmultaneous access from SLOTO and SLOTI in a 16-way set
associ at i W@ 28v¢hasect ure. Wth a 32 KB capacity and 3PCBPR200GRE48) ze, DU
68 maybe shared anong all six threads,, TO: T5. Mreover, DU 68 provides a
"not recently used" replacenent poli cy9 together with all inter-thread
non- bl ocki ng operation. Wth page configurable wite-tlrrouglr and wite-

back and cache | [ by.individual J.in ' tightly
coupl ed HEHSHS tﬁwgiyﬁ%ﬁjéssssngg%nh%iﬁ?? El?fe@% Q?M‘F"ilﬁ{ewflg?%g\%ﬁr r?gen?a

descri pti gBadieijddst. StR€hitginisséeardhacachedlastess prestnt ameii¢ wasest.of DCU 86. DU
68 executes cache in ctions for_.nanagi ng,.da cache f i f DCU
86. Cache (H&%ucti oi)ts‘;E gﬁr thét@f“?lfl%reégéﬁ 1y ftﬁlzgeqfl%smotg ockegﬁizg

unl ocked, gifehtd@ild e R6bivaaNer Abkdeasaleado DU 68. GRF 68 ZrosRRe héi-Bldcliag heert | ne.
There is also an instruction to gl obal l%r@i nval i date the cache

st or e/ r et rthisgdopsrations it gnsY acPRseEDY HRe #dsgrilepng of BOFCASH i il ar to
the |oad afighish Bl \RiithoR s fRink AMRAN ShREPRelp sachaabl e
at e e, and for

| ocations t SS ata cache, or” uncacheabl e accesses, DU 68
presents WRABG6ETHLS07HoRIYeIpiB200 8is0R@E4Dicalgy pésjngls thyeadpiptiued0. Load

m sses present a.ine. fill .reguest, U I I .read
Meoneat | Signmen e Ton st f SRAT BheieIRAGRE 3, B LORER nBUEREMLY B ik
request. [cyoRs18d, Hdr&S td satiefyshoshositapdisitde loaddsanrduitdnmmts Thérefoeguests to

Bill 70. BIU 70 directs the data received for these.request tq DU 68. DU
68 provi deRCHFR-DSIEERS hifrihipe eokR e Cli"iﬁlg’é(r qaﬁﬁ?s“{sﬁﬁi sag'FsI W%’g’é’esses by

other thr e@}ﬁfaeweéshf‘gtﬁél@acﬁénﬁ@ﬂhﬁtrﬁﬁm@&&tmy bl ocked pendi ng conpl etion of
out standi ng 1o0ad requests. Since DSP 40 is an |IMI nmachine. The usual

| oad-use pl@&iihe di JUERBE &ppiapaiie operaionsiiils it MEBGRIVENBAIG ned

machi nes dgesBRbe PR difelife 167, Bfie bilG: (35 ARRT 86 NRei0aihhasSt next
use may be“si X cycles gter, in orde 0 satTsfy the shortest possible
| oad- use r@yfromaERE2 of THQTEfod SL.OTHCWISE) femlvivid 0hoBisrhediate eppianddk - up

R o i
of the dat AGunigs BGue toAIU 8Nend SRENMGHiteaof 888 aDSH dDinpitpie MME 8700. | n RF
SLOTL. " ancoriy AN righ T s Q0T BPE R BEP RS EiseLhae EXUPOT e SH IO 1)
AGTJ 80, dyihgromRrdPRebiBe8s Stage si Gnvirsn Vi Aesorddnsid RMIAGU 80

provides input to CAM tag array 92 during EX2 pipeline stage 108. AGU 80 provides

ATA(0) and AIA(1)output and IMM(0) and IMM(1) output to ALU 82. ALU 82

operates generally in EX2 pipeline stage 108 to produce oufput to RF 52 in the latter

part of EX3 pipeline stage 110. MMU 87 provides output to CAM tag array 88 during

EX2 pipeline stage 108. Meanwhile, SRAM state array 88 combines output into store

aligner 90 during EX2 pipeline stage 108 for providing input to SRAM data array 94.

SRAM data array 94 also receives input from CAM tag array 92. From SRAM data

array 94, load aligner 96 receives input and, in response, generates SLOT0 and SLOT1

output to RF 52 during WB pipeline stage 112. Also in WB pipeline stage 88, SRAM

state array 88 may receive NRU/state/lock/update signals.

[0040] DU 68, in other words, receives up to two decoded instructions per

cycle, including immediate operands, from CU 62 via decode and issue circuit 48. In

RF pipeline stage 102, DU 68 receives GRF 52 and/or CRF 54 source operands from

the appropriate thread specific registers. The GRF operand is received from the GRF 52.

In EX1 pipeline stage 104, DU 68 generates the effective address (EA) of a load or store



"+ AGUL 83 outputs to ALU 82 and SRAM state array 88, as well as input to

MN U 87 and CAMtag array 92. Overl apping RF pipeline stage 102 and EX1
pi peline stage 104, output fromRF 52 also goes to ALU 82. MW 87, in
response WO 2)t¢pe#07¢ r om AGU 80 provides input to CAM t¥d/appep2430 duri ng
EX2 pipeline stage 108. AGU 80 provides AlIA(0) and Al A(l)output and
IM0) and 1MM 1) output to ALU 82. ALY 82 operates generally in EX2

pi peline stage 108 to produce output to RF 52 in the Iatter part of EX3

pi peline stage 110. MV rovi des out put twa' during EX2
pi peline s qﬁ@t"‘l‘f\%’én% als%wssef”ﬁggo%? %gmbﬁp into

store align@fal Q)g,}@sﬁwrhﬁd@%ﬁsmadm el ?gageelmﬁnifsﬁbnm@m@ o pr@\ﬁdﬁs to
SRAM data arr SRAM data array 94 al so rece{EI input_ f Mt ag

array 92. M@ S@AWH‘&F%T%‘MC%W@Q caqhaéae locptiperD9d %@‘él“?é}%‘: ‘{QFPp‘ii’P &nd, in
response, QgeNGNALS: §hQEQeg@rids %h@?ﬂemgg&w%d&@ ffl%héé’ccgégrmt@qﬁ\f\ﬁspl pel i ne

stage 112. SO In pi pel i ne stage state array 88 may receive
NRU st at e/ Immbaﬂ@tﬁgn@naicsssli[xmml@@S@Bﬁ 68). in other vvords recei ves up

to t wo deco[ceb %&énstru%l %gﬁeaBFeload%%ﬁ%gat?rea ﬁlitd mgél{%ge P 5ands from

CU 62 via d and i Ss circul pipelrine s DU 68
recei ves GRpplogriatadémss m:z&é/s@wﬁte&dddpleEpﬂ&d’ﬁedfalnd)m'lvemte tapPUeprin 38 t hr ead

specific registers. dis received fromthe In EM
P el | ne kiing ate 135 BhoganS, e A i bEPF LR TYE IS HCEoT BATR 51 ong
or store WgRRAR E&BAd%PETidR2000A0206480red & RBIBIS iHRShicbiCiebific EA

signals arc presented to the 87, which perforns the wvirtual to

physi cal adegigesinthaRy|6Atin EX1ameplipagfess Bdand yattien sap dirsdattraeha Ay Rd
provi des %gﬁe'@gztegpame Skéggﬁs@ goFQ&hg&a aﬁflo&g 6RGNERRE Sl &&@ésgégns DU

68 | ooks up cache ne ‘'stage 108 wth
physi cal actnias gsmatddfmttﬁadiﬁ]:pg)shndﬂtatgs JOD@CBB‘(Z parcting steget 108. 'ﬂlmmloatﬁsr ay

access EX3 eI ne VBSJ]%Q[ (ﬂg[&érbg%%%} Feﬁpe &5 ehﬁ?)qjugher%" eWn nm oat a read

out of DCU °§esé’llal gecess Size, Czarorsign
ext ended a&héme@m&loﬁdp@[ﬁbdcmwsmﬁko the CU 62 in \VB pipeline stage 112.

Thereupon, the data nay be witt into the in ctian sp fied GRF
file. For cetfedbl e stbhdLxequiae *%Stﬂﬁtlg?%f)i{qu @C?lgﬁ&fg]ﬁ]lf opFraithe

thread spegjRichipdeQistkeiol 5hdtah@RﬁlJp§2 d 1A ExELpiBIRRI st436 164 200U 894 and
witten into the1 dataS 1gache array on %1 1h|t |%IBEX2 pa%gel i ne stage 108. For

bot h | oads aititngicaneésompae drsitAetioapeprdd iBY? eipshne stageel 1fewdrtag ®eblisn t he
EXI pipeli ng% 396 1jn 1243 Bl%ghljr:e)g%agg if&%ljit%cﬁ.t&ﬂ@ SJ!QIE?StmI@(ﬁQ ’indo%ggsbyte
shifting and sign/zero extension and use the load aligner in WB pipeline stage 112.
ALU 84 subsequently sends the result to CU 62.

[0043] Although some instructions require two register reads (e.g., store
instructions and certain some ALU instructions) or two register writes (e.g., auto-
incremented load instructions), CU 62 only provides a single register read and a single
register write port for DU 68 per thread. Since DSP 40 provides an IMT machine, the
single read port may be time multiplexed for reads in RF pipeline stage 162 and EX1
pipeline stage 104, and the single write port may be time multiplexed for writes in EX3
pipeline stage 110 and WB pipeline stage 112,

[0044] The serial tag/data access of DCU 86 also enables stores to access the
data array in EX3 pipeline stage 112, as loads since hit location is resolved in the prior
EX2 pipeline stage 108. Thus, the usual single-thread store pipelining solutions such as
separate store ports, store buffering or store to load forwarding are not required here for

stall-free pipelining of stores.



". and stores maybe driven to CU 62 in EX3 pipeline stage 110 further to be

witten into the instruction specified GRF 52 file. E00421 \Wen executing
ALU 84 instructions, DU 68 receives a GRF operand in RF pipeline stage
102 and aWORPIGBEYANnd in EXI pi pel i ne stage 104. ALU 8ECT/&i{%REYP c and
conpare instructions operate in EX2 pl&fllne stage 110, and the results

go to CU 62 in EX3 pipeline stage for i teback. AL'U 84 instructions

i nvol ving byte shifting and sign/zero extension and use the | oad aligner
in WB pipe(kﬂ% stagepll12, . :myd&ends t he reﬁult to CU 62.

[ 00431 Al't oug some 1HSt ruck ﬁ?mpé et GG epion alsaqlows ¢, store
i nstructi ori&lﬁdﬂdla«aanhﬁ!)m o8 DL muwmsgmy(etgi Asyay) kettagdciafigé whizh v i t es
(e.g., auto-. crenente oad. i nstructions only provides a single
register r éﬁlﬁe a5 %’%};We mEchige. glﬁnlwalzég 56hS C‘lf“g]?“b@n% pivatedstacdd.

Si nce DSP 4QcHihamd. mmaﬁ\ﬂﬂﬁy@ﬁ@ﬂh@ﬁd atfdgg a tﬂagineadsqe%veeroé cAfRYirPe time
mul tiplexed for reads in RF p éjel i ne stage 102 EXI  pi pel i ne “stage

104, and t KEEsngy PEshargdidatas By 2ddiop, @éshﬁifWeS%Mdaﬁ} EroPdfeehamia es i n EX3
pi pel i ne Str&ﬁ@ve%%}g rf%@&ifo\p% eréghér%e%e@gﬁuﬁﬁszto n{anﬂglﬁ%él %r_gll escu%o{;/gl tag/data

access of DCU 8 | so ena es stores to access in EX3
pi pel i ne stnag‘eplis.@reda@pieeads since hit location is resolved in the prior

EX2 pi peli ge 10 Thus, the u Sstore |.i ni ng

sol utions such j segré?lént%‘ §P?§?te°rb°§?féU§é’Bg‘?§s‘f} eﬁé}q‘iﬂﬁﬁn&“‘a&r@ ¥t o | oad
f or war di ng fareelepiite prequirgedf O8NEtaf @Iﬁay &3 1@t hrafcheRePioneld BitAetaef ait ores. WO
2000/ 128079, PC | A S2006/ 020640 11 | 0451 The rel axed tim ng constraint

on the hit SRIEERPWELGOBFBIILG- T RyGsnt @F@Q@Fﬂ%ﬁ doggmohpreeshaige tHaRpEs to be
hi ghl'y (e. gines #Ben¥B¥knSHh tl?a%ﬁfé%s%%faﬁé@ s¥Rkiein CAM Bl 89 08 & &tﬁéﬁ%‘gg% I MP

machi ne. This m nimzes cache conflicts anong private data o
t hread. smmea%@ﬂaﬂ@rmeyh bupsjage g¢ranas firesrhoragd ailhen tthekmqwreta@rsz ftadtiduéw estage

capacity Q\tl{] da?ga 4%89%’(%0 JLu a%lﬂh‘h the shared SRAM data

array 94 cac reno he nee or cac e coherence mechani sns to
mai nt ai n cdi9KE ﬂlce anﬁhq thepkdserpleabsdiarceithrodpésesseldetite féGhaé biket ot he

o o char ge (67 TCRU 055 T Py 64 RRET R (1o T e ds VIR At ¢ and
dynam ¢ powediticonSTUIpLth® fray[dPe DUTESEHb vidbRREIIRIYR AMaettd@tay¥sewtlaAr ge t he
mat ch maintains an index address. Each entry contains the valid/invalid flag for every set of

CAM ftag array 92. Each match line is only pre-charged in the event that the associated

set 1s selected and the set is valid.

[0048] By not pre-charging the match line of CAM tag array 92, leakage is

eliminated during static operation. In addition dynamic power is also saved, because for

traditional content addressable memories, the pre-charge is gated with the operation of

the clock cycles, With the disclosed subject matter, the clock is gated so that it only sees

loading from the pre-charged match lines. Consequently, dynamic loading of the DSP

40 and the associated power or energy consumption is also substantially reduced.

[0049] With continuing reference to FIGURE 5, the follow details the pipeline

operation of DCU 86 during CAM tag array 92 and related operations. Serial tag/data

access operations enable stores to access SRAM data array 94 in the same EX3 pipeline

stage 110 as loads since hit location is resolved in EX2 pipeline stage 104. Thus, the

usual single-thread store pipelining solutions such as separate store ports, store

buffering or store to load forwarding are not required here for stall-free pipelining of

stores. The relaxed timing constraint on the hit determination also allows DCU 86 to be

highly, e.g., 16-way, set associative.



" lines when it is known that the associated set within CAMtag array 92 is

not being accessed. The match lines are al so not pre-charged when it is
known that a particular set wthin SRAM data array 94 does not contain a
val i d |inw02p060ew79 Thus, the present enbodi ment provifeSUFOCErEY | ve
pre-charge based on two factors. The first factor is set selection, and
the second factor is valid state. In Jaddition to CAM tag array 92, DCU 86
provi des separate SRAM state array 88, which nmaintains an index address.

Each entry contains the valjid/invalid flg¢ I tag arra
92. Each net®@?1line iFgGH#i%yéW @1218?1%1? anﬁ(go{tﬁ%dzg%g%%e? %gcthq{nﬁgggtysoc?at ed d

set ihsl Se'ﬁ@}{tﬁ%&é\’sﬂeﬁaﬁeb%itﬁeimseag/?ﬂycgz o[fm:wsalmtz] ceBipe motch fine cictvalr gi ng t he
mat c ine o tag array 92, |eakage i el im nat Lili < LC
oper at i on.120nncdertts QPSW hrags drpdes ail%c‘éﬁ/é Bor@gwggl?se@%ré u’gaéyﬁg r%hﬁlgé

traditional. r gﬁfx% 5 IRe vid Rs etautfe 126 vdadbetlywi t h t he
operation %ﬁcgl‘%?%gﬁél ocC diZ?yc s&c\%%{rﬁ 't he""vdi g%luggsed su%ec.t qr?%t , the

clock is gated iscerteh#8, ptovilss ynpueesNFEHEH NghorSstavidhis 1Y MERir mat ch

| i nes. Consequent.| dynam adi , A0 andwt banassoci at ed
power or ﬁ@?ﬁ?%%%gﬁﬁ%?ﬁﬁ isﬁa?é}sugggg%aghgglteﬁgﬂ% réduc,ed. 0 0491 Wth
cont i Nui NGcdnafiRRANGE tdrMidatdPsREnGge tinmitf1GH himddebalfdrsiretiel i Bal i ne
operation of DCU 86 during.CAM ta r 9 I i . Seri al
ool dat o BeressTEFERATONE At 8 BPE s AeN R AR e 52
the sane Pi R ING, wSkag% deasnddans 192 new hiHollacatiiotdd s resol ved
in EX2 pipeline stage 104. Thus, the usual, singl e-tllare d store pipelining
sol uti ons suteissmaepbinati & Vos Br porifsienipsgicd o FHTEAPRIS Pt ore to | oad
forwardi ng are not .r I for stall-free pipelining of stores. The
rel axed ti ﬁﬁsﬂcdatg(gﬁ%toﬁgﬁ}{%gﬁ%%gz'hi t deternmination also allows DCU 86 to
be highly,[oesg], 16-Mayh lisel3Zadsodpats ket lonoiwoed)SLebgrpration, except

PCT/ US2006/ 020640 .1 005 Fl GUR r.ovi e IvErs®bfthbhe data
cache nat cHbFR SEtilFﬁ?ﬁ["tsele tﬁ%&frﬁg?essé@gscgg?ée/dggp\?m&tlﬁ %ﬁ%ﬁ?ﬁg array 92 of DCU
86. Data Cagh@idBhfhabinieyvesler T18 ds inph2® NRET dasvi@Ahis doamgéchdinecui t 122
and CAM conditional self termninate gre-chaﬁ%e Ci rglruﬁtzlé%. I n CAM

di schar ge d2-cNFET 130 magde spplsipeinpractig@ulldgWBH# & PFI6 “ whi ch, by way
of inverter O%%%]] Pr oVirfl&sicdAPMibJafn M BloviR0 duMhigtimdbet lind T 7iehitlow, | nverter
128 provi a[es ifgh input” to NFET 130, causi ng], rratch@JﬁI e .132t1t§ remain

| ow. CAM qemditts otrigersignil efdhewama alysrag mekrdrige 162+ T gGlad) ydes

buffer cir %lrjcitgctsl t%g U’Eghg% signal from fading before the evaluation of CAM tag array 92.

Fading may occur when Set_vld transitions from low to high too soon, resulting in a
minimum delay, or when the Set_vld signal transitions from high to low too soon,
causing dummy match line 147 to be pulled low. On the other hand, there is the need to
shut off the pull down of the match line as soon as the Set_vld rises. This prevents
power contention with the pre-charge circuit. As such, this requires turning off the
NFET 130 pull down voltage as quickly as possible with the rise of Set_vld. However,
it is preferable to a delay in turning on NFET 130. Therefore, the input to NFET 130
pull down is an output of NOR gate 136, with one input of the NOR gate 136 being
delayed.

[0053] - CAM tag array 92 includes 16 match lines 132, one for each set
selectable by Set_vld circuitry. With the present embodiment, the transition from low to
high voltage occurs to pre-charge match line 132 high only just before the search line is
driven. Delay path 134 from match line 132 to PFET 138 pre-charge will turn off PFET
138, but the smaller PFET 140 will keep match line 132 high.



provides inverted match line 132 input to NOR gate 136. NOR gate 136

out put goes to PFET 138, which turns on to connect match line 132 to Vvdd.
Hol der circuit 140 nmintains match line 132 at VOO for a sufficient

peri od toveesitesped data fromthe associated set of CAMHEGIHIZHY 02,

[ 00511 Match line 132, therefore is kept | ow during DSP 40 operation,
except when the set is been sel ectedlfor access. This is acconplished
using the inverse of the Set _vld signal frominverter 128 as input to
NFET 130, which pulls down match line 132. NFET. 130 be, s size, in
order to p[ﬂ05‘bﬂown matarh alsperéal £ MYy @y VSh@ES]et T’I%Slﬁ?aééé Iggg&]?errent

provi des dé{;@iﬁlé ERainBRNREANLERrBId th pBI&ar & @il tRS the
same val ue as trlra ch I ntggi%‘é]gmcderm ﬁrcuﬁr 1140 plrpot eca{%d t % trigger

si gnal fr cevefiblatrigt bdd rsrleglt foe tveveinseuiioneystes CAMteefherrhengs toppre-chege ng may
occur when,Set. vl d transi fromlow t ng in a
M ni num deﬁhﬁgl,d_s REH thes 2 Y quqgle §ia Qih%{%é g%(gsl}l@ ?%?12 %ﬁr (%1& étso | ow t 00
soon;  caushin liden3nis raavmo Ipteventbéﬂtehmbmempme |ceéd\4|mgmrra@92tptuadmxt1eTo hand,

th th d t hut off the pull d f
e Sot vI BUFpSRSReSTRaRTPEeiee VRS LB R B0 LAt RSP & Mo go

circuit. A?stéﬁﬁrNOR@ht% 1860hs @eﬁa}ldﬂbﬂff@ﬂnﬂﬁft IBG‘@quaN'_tﬁa_Fr:b?@xa@Hhkned@%
voltage as quickly as possible with the rise of Set vld. However it is

pr ef er abl e~209-¥0gws) wlyﬂq the delen iy fsn cinretil 34 3apy Drifdasefophase fWaieput to NFET
130 pull S an ; t

gate 136 bg&\g‘gj del ay%%ﬁq;t%g%%%@%%sg%rﬁ}%&Mr{é}ge?{ﬁg‘a %ddag{‘sé fFLogﬁ ?rﬁa}{}gh l i nes
132, one f ok 40260 (40 x 68 ¢hreat gl elﬁ)wc&e’tlmelﬂ) treditiondl dlgajing\piethls. Alse pr esent
errbodlrrent the transition from.|owt vol.t age e- char ge
mat ch | i ne®ISPIHPHHT oS JroEduerds Jpce ﬂ?‘ﬁ% arl%c% 1??(%%,3 tf())gg&%%isglgr‘ci&g ay
path 134 framnm@ichag b @BanitéadPﬁEHoJ;B& RECoEINAL (e dwinkly burto gaxfafthePFET
138, but the smaller PEST 140 wi | keeg}gr&Sil h line 132

2006/ 12807 igeemignabrQueropEReNt Oiﬁle[fh% IoRigRAEes %&@P&Pa“%@ged% occur
when Set ﬁﬁllcﬁéxgﬁathe §15%§ udéh tBQ@oFcﬂ%e agyal uation of CAMtag array 92.

Accor di ngly It’is pre [e to pre-charge only in the event that
Set _vid is hO@E]for tFﬁG&BEgeEQI\tldQﬁeith@Eé@gTa@l hier Bewepratigief the he

g[ g OCP 2; ?ne ﬂ]ﬁ?l s lssglg]g}é}%ﬁ%%ﬂa Rt OO%lﬂ%?hé@s&@}ébgcuqtjr§$% ie,lhﬂmgrl%ﬁeve r%gﬁ shoul d

cont ent i ongpwWtipdiine sed ddagitiarisiay cl92k 12, ke ovinct vBbage 154 goes hlgh and
remains high for 550 ps. Then, in response to rising set select voltage 154, match line
voltage 156 goes high and remains high until 50 ps after falling clock 158. After falling
clock 158, search line voltage 160 goes high and remains high for 350 ps. In response,
match line voltage 156 decays to low voltage. In response to falling match line voltage
156, trigger voltage 162 goes high and remains high until 400 ps after search line
voltage 160 goes high.
[0057] At rising clock 166, RAM wordline voltage 168 and RAM bitline pre-
charge voltage 170 go high. RAM wordline voltage 168 remains for 250 ps. Nominally,
400 ps after RAM wordline voltage 168 goes high, saen voltage 172 goes high. In
response to sean voltage rising RAM wordline voltage 168 goes low. Also, at falling
clock 174, saen voltage 172 and RAM bitline pre-charge voltage 170 return low. A
second rise of search voltage 164 occurs during the fall of RAM wordline voltage 168
and saen voltage 172. Thus, after two clock cycles, search line voltage 164 remains high
and all other voltages return to low voltage.

[0058] The disclosed subject matter, therefore, maintains match line 132 at a

low or zero Qoltage. Only when data from a CAM tag array 92 cache set is needed, will



- sati sfy all these requirenents, data cache match line circuit 120 incl udes

buffer circuits 126 and NOR gate 136. The delay of buffer circuit 136
equal s the pre-charge tine, e.g., -200-300 ps, while the delay of buffer
circuit 13220ap¥7¢| ose to phase durations. [ 0 0 5 5 HCTGIRB/%%tEHh | i ne
132 is discharged | ow, no | eakage occirs fromany of the 40,960 (= 40 x
64 [array size] x16 [match lines]) traditional |eaking paths. Al so,
dynam c power |osses are reduced, since there is no clock |oading for
addr essin ts LWthin | a ed only
"t he: duthy ot B g WG aPu bR Pt 1% e RBLETDOTRE BUIRE I HES

di scl osed ohtddjsahd dgzaed @dta.IMhygn elatdiilinatis2 t/cbit@e odtaok to Hunoitegn ;rhe festlbe cl ock
is used on the wordli dr.ive 005 61 FI royi s a |n1ng
dlagran115@3F%ﬁwquQrGEEE%H@Bﬂg%?EF POV 0P gﬁaiﬁgﬁﬁ%¥% 80 &FPh

nom nal ti1meisf BEreGd AEhkel 16 EHRIANSESal [HALSom MRG0 dMghal. IThe BXHAPIGR | ne
stage 104 with r|S|n% clock 152, set. select, voltage 1.54 goes hl%h and

renai ns hlibfﬁ deisrminepihe sachiask fiop Weish Baa &r %miqﬁg%ﬂe sehERPEides Y§) t age
154, matchf, Et'i'\fé g)éé’ 9!%{?% gﬁ%@l 991%5135“ r@sﬂg i{ @IRhO Se1iHGD pHhl g 201 HRS af ter

falling cl’6c 'ing clock 158, search Iine voltage 160 goes
hi gh and rmmntrmﬁmdgmrﬂt provBBebets the %o@@@g@ﬂh@r selepding ihd spp@fiy edchage 156

decays to voI nse to f vol tage 156,
trigger vo 1? \g\(lgqé Efgg}?é’&&r‘]‘ﬁhg R Eay nsémﬁgﬁ&tﬁ%t&ig% ps after search
line voltpgesdlit0 goase piagbssing fOatftedand finddons desscn@ddiemxkca’haﬁ RAM wor dl i ne
vol tage 168 and RAM bitline pre-_ cha vol t RAM wor dl i ne
vol t age 168DIERRISHIN FEHOUS HHNRLS. ﬁ%ﬁ’faﬁ%ﬁ? »ypot Orﬁgﬁlaﬁé%gg 1% %r dline

vol tage 1%0998&01@%&%@1%6& ¥ AR08e Pé2n088Sodinais maf be HBSIRARGE] 0 Seam
vol tage rising RAM wordline voltage 168 goes |low. Also, at falling clock

174, saen apcﬁpph@éonMCﬁmnWeﬁlctfPWh@ségbW%@Wefa&d%‘c@?@cfésé% Ph low. A
second 1l SEn@laSRRHE il td@cggn% p&?cﬁ’}ﬁrtﬁe HAEhdA delfipb@bdroi@l TRRAM wor di | ne

vol tage 16 saen vo ter two clock cycles, search
l i ne vol t alyecghing dEErmhmsoiﬁhgprefmd emlbbdlmehf@,rthm@fqrag%Bmméﬁ@lmnta\de ey

voltage. [ O O he, di scl osed sub ref,ore, maintains match
line 132 {“¥" s%\gy-{gphggﬁﬁ ° VaFt 4gec hf)ﬁ?alm %Su Je&a t%?rr HIES cam tag array 92
cache set msdifiegdesio tﬂésle|em\16@:ha{&:ﬁ@/\xﬂ125@7&dﬂﬁ3¢ﬂd&&®%ﬁ%&ﬁﬂl@d irléhe mmt ch | i ne
132 be charged. Once match line 132 is har D%g nd t hus DSP 40
obt ai ns t haddbsgsnec prtcplesdrdinedRerein Tayhe ap ?d\}BP @%m]? TS MBOY ow

vol tage. Thek&thd innovative faculty. Thus, the claimed subject matter is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



is a reduction or elimnation of dynam c power | osses by reducing clock

| oading to zero. That is, there is no need to obtain a signal |oad from
the clock signal. The decode logic that determ nes the cache bl ock from
whi ch data or instructions are sought provides the selective pre-charge
for mtch ine 132. The result is thats the sel ective pre-charge of the
present enbodi nent provides both the decode signal for selecting the
specific cache block as well as the match |ine charge signal for charging
the match line. [ 00591 The proces$illgM®at ures and functions descri bed
herein can be inplenented in various manners. For exanple, not only may
DSP 40 performthe above-described operations, but also the present

enbodi ment s NMAYm&Rod fRbpseiiescdche mmoaPipl dsariation wiesidiiesdableegr at ed
circuit (ASIC), a mcrocontroller, a mcroprocessor, or other electronic
ci rcui t s meawrypleadighalsignpbprrrests, suMEisingnd @edértipedhhgers of: The

foregoi ng desgcyj.pLqk : i: 8 : e, is provided
to enabl e anyggsgcgéﬂé%n]a @Efa{hpgﬁa%eﬁhéerﬁgry ?ﬁgt% gﬂfﬁﬁg 1§1ra é}ggalhﬂlée)fr cl ai mred

subj ect medrtsable YeeniooyEnesperth foil ead pluraity of tshesmemohoditekhnes wi | | be
readily apparent to those skilled in the an and the generic principles
Gor i ned ASpariuyt oae SRl 5 Sstabd B Bl AR FRBEE: the use bf the
i nnovative fagdldols validlMtBcatdrtTer GlcRcoREspSItNE&k ofBfid Edchb Meftby | Nt ended to
be limted to the enbodi nents shown herein but is to _be accorded the

wi dest sodpein wishwilidtingdieatoy is storgdeseparptglyi fme said aerreppoeding &4 efir es di scl osed
herein. 15.p.GA 1. A nmethod for operating a cache nenory in association
with an aéﬁressa ‘e nmenory of a digital signal processor, conprising, in
conbi nati on, taetsbiepsadfcachamsooiyahatolglice @ saidgiliklityaff cedehgememory mat ch
lines with luralit f addressable nenory lines, each of said plurality
of cache“ﬁgﬁdE§SWéi@ﬁX%ﬁﬁ@§ associating with one of plurality of

corr espondi NGeRetisy Pparfailsh eBsiiBe BRA® Mémorys Y JeRPted sWalekdimidddi cat or for
each correspondi ng set of said cache nenory wherein said valid indicator

i s stored depdpdaxeliy merpery addigsscddeadp Ba Eitigy ed donpthe caghenecmsiior v,

mai nt ai ni ng i I E che nmenory
mat ch |ines gﬁﬁgmﬁﬁﬁ?gg tggégh%e %@g%ﬁgﬂgﬁ%gﬁﬁﬁgaﬁkgkgg?ké?ﬁéﬁggcache
menory, ubiegdelvetd édiceir cdetgondingth thbyelectskset;i ndex of a nenory address of
data to be retrieved fr n1thelﬁache

selectively pre-charging only one ofrggljgciarh}/rélity of cache memory match lines
that is associated with the selected set of the cache memory and only when the valid
indicator corresponding to the selected set indicates that the selected set contains valid
data; and

performing a comparison operation that discharges each cache memory match
line that is pre-charged and that is not associated with the memory address of the data to
be retrieved;

wherein the pre-charged cache memory match line is returned to said low voltage

following the comparison operation.

2. The method of claim 1, further comprising the step of holding said one of said

plurality of cache memory match lines at a high voltage using a holder circuit.

3. The method of claim 1, further comprising the step of initiating a search of said

cache memory according to content of said selected set.



determ ni ng whet her said selected set of the cache nenory contains valid
data using the valid indicator corresponding to the selected set;

sel ectively pre-charging only one of said plurality of cache nmenory match
lines that is associated with the selected set of the cache nenory and
only when the valid indicator corresponding to the selected set indicates
that the selected set contains valid data; and perform ng a conparison
operation that discharges each cache nenory match I|ine that is
pre-charged and that is not associated with the nmenory address of the data

to be retrie in.the e- char. match line is
retur ned%t o] siﬁﬁml @j\%ﬁ f’l[agléé fu%é?r Cc?\ﬂpﬁlgmfgﬁl%e g%o arr rsagﬁg 825%?%&]% on. 2. The
met hod ofmegloay M aksodidtioh Reith £9ERE Randdgh Abesshemoef (SRAM) 8gasahyl one of said

plurality of cache nenory match lines at a high voltage using a hol der
circuit. 3. The nmethod of claim1l, further conprising the step of

nitiating & spangihodlorsald | GARDC TR RESY ol kR cATLEN. of said

sel ected set. e method of rising the step of
oper ati ngies\mryalwmtamtvedatmnmiysamdlg@é@tgndtpr«mswt h a Static Random Access
Menory (SRAM data array. 5. The nethod of claim1, further conprising
the step of operating said cache nenory within a data unit of said
digital signaThprmetrdasstlib.1, fﬁhﬁemh{m@mgfthecét@i &0 oberatidlp kdi@cadhenpri si ng the
step of operating said cache in an interleaved nultithreaded
processi HyMHHE an?nte‘ﬁﬁ%Veﬁé’?LHB@re@fie%ﬂ’rﬁF‘?‘f?@g M@Her ei n each cache nenmory match
line of the plurality of cache nenory nmatch lines is naintained at the

| ow voltage by a corresponding circuit that is responsive to set

sel ecti oA cir&hénwﬂmd®fcwhnﬂnwbgtmmadl@rh@m&m0hukah@naObmﬁphth@bfa

di gi tal n roce r and o eratl menor n.,associ.ation with
onaddr St SRR Jine MinERE R olls i SRS o R tapBuRE R RN

conpri si mga,txslresp@iabeaJetwrecuanpdthailty of a plurality of cache menory
match lines; a plurality of addressable nenory |lines associated with the

addressabl e nenory and said plurallty of cache nmenory match |ines, such

that eachy of sgifkeplubidkich i SACAR o MBIPEVUTAAD L aes: i 35896 At ed

with one of a plur corr pon Ing sets o
a cache memory in assoc1at10n with an addressable memory of a microprocessor, the

integrated circuit comprising, in combination:

a plurality of a plurality of cache memory match lines;

a plurality of addressable memory lines associated with the addressable memory
and said plurality of cache memory match lines, such that each of said plurality of cache
memory match lines is associated with one of a plurality of corresponding sets of said
cache memory;

a match line drive circuit operative to drive each of said plurality of cache
memory match lines to a low voltage and to maintain each of the plurality of cache
memory match lines at the low voltage;

a cache memory search circuit operative to initiate a search of said cache memory
to retrieve data from a selected set of said corresponding sets of said cache memory;

a cache memory state array operative to maintain a valid indicator associated with
each of the plurality of corresponding sets of said cache memory wherein said cache
memory state array is stored separately from said plurality of corresponding sets of said

cache memory;



cache nenory; a match line drive circuit operative to drive each of said
plurality of cache nenory match lines to a |ow voltage and to nmaintain
each of the plurality of cache nenory match lines at the | ow voltage; a
cache nmenory search circuit operative to initiate a search of said cache
menory to retrieve data froma sel ected set of said correspondi ng sets of
sai d cache nenory; a cache nenory state array operative to nmaintain a
valid indicator associated with each of the plurality of correspondi ng
sets of said ewdhetadingdyivahisewi further apetativhte pressharey osly atcachermearyoiys st or ed
separatel y fr i | i re ndi et s of l,d he
remory: - 1Bt At b chghe Bueri bR PR SR G st B8R par ge
only a caaHfenirdsy voligeho hihiph voltagdia rgdpunsl to t3id ofiche atdneorpramdshycireai ch

| i nes that corresponds to the sel e}chéled set fromthe | vi/voltage to a high

vol tage PRd ﬁaé%f?&ﬁgglem%%?*a AEAYAEC h paghe megarg mageh ls@okaid cache

nmenory Sfcéﬁrc?spéﬁcfi@%’to tR&SdledihiPdet %Mntﬁﬁ%‘ﬁmemwa%éﬂérﬁﬁ l'ine not ,
corresponding to the selected set Is maintained the | ow vol tage; and said
mat ch |ine dr saiénmgiohdimetdriye tieuitne furdyeeereritive te etyratthe pretchargpd eacbhar ged
cache menory nmatech. line.of said plurality of cache nmengry match lines to
cad 1 ow oGRS T oF SiBpr i nECeh kbt bR RS CRER I PO, esonbi o
menory t agedferfayming a cohpatistinegt abchtaidd @ableGhiertdrgitap &rayf ur t her conpri sing
a high voltage holding circuit operative to hold pre-charged cache nenory
match lines at said high voltage. 10. The integrated circuit of claimS§,
wherein sai d GAC R IREPEYouSQA RN G| f&ﬂihﬁcorxfﬁ%szgearhigl?UMa!gé%ldﬁ{gr Gk ry for
initiating said search of said cache nenmory according t6 the content of
sai d sel eptreidvedndobifpreshatgebracks pomdinyatskeiisesoft saidhighcadthge. nenory. 11. The
integrated circuit of claim@8, further conprising data cache unit
circuitry for associating said cache nenory in association with an SRAM
data array. 1Zhe iggrated eiguatofdlati Bewhéredfsaiel cachiv Bembtyrselieh ckeurpri si ng data
unit circuitry associated _w.th said addressable nmenory and said cache
menory f SHUSpESBRTSSYCERIEY L4 dHEakRgBidyseangh phiaid eashe Mgatosy tardingels of

oper at i Ngh3JhAnCAGHR LRERH ¥n¥bf Qe SHnRindkds o?ga?@é(ﬁllﬁ%éi’xﬁc;rg.{) ~signal
processor. 13. The integrated circuit of cllaim8, further conprising the
step of operating said cache nenory in an interleaved nmultithreaded
processing m)(ilﬁé integrated circuit of claim 8, further comprising data cache unit circuitry for

associating said cache memory in association with an SRAM data array.

12. The integrated circuit of claim 8, further comprising data unit circuitry associated
with said addressable memory and said cache memory for operating said cache memory
within said data the step of operating said cache memory within a data unit of said digital

signal processor.

13. The integrated circuit of claim 8, further comprising the step of operating said

cache memory in an interleaved multithreaded processing mode.

14. A cache memory comprising, in combination:
a plurality of match lines that are initially maintained at a low voltage;
a selection circuit to select a particular set of a plurality of sets of the cache

memory;



14. A cache nenory conprising, in conbination: a plurality of match |ines
that are initially maintained at a | ow voltage; a selection circuit to
select a particular set of a plurality of sets of the cache nenory; 18
pre-charge circuitry configured to pre-charge one match line of the
plurality of match lines to a high vo|¢g age, the one match |ine associ ated
with the particular set, and wherein the match lines of the plurality of
match lines that are associated with sets other than the particul ar set
are not pre- ghechede anaiitay eonfguredad peechatgetone macl limldfalgaqjlurtah'gz array

corrpariso circuitry to c are the i cul ar, set W a.t portion of
o monory Chaib e e T Bt bt BgR ANy Fisn G icheP RO o 61
det er m neyiRreilb Gl iROLE e Plurdlith dYmAfchaMes RAChrd h&ehiafed it de&Wuldry
configured to discharge the match Iine that was pre-charged and not

associ at étnipe particidarsat ap peigorenshargedandragempmgpingdrag fhetlowivieliageow vol t age

d d h d
during 5 SCUSAE DELRE IUSEELIL o D) LOS 8 o pr e oo e
l'ine is whgnteaioneatida¢ss bfidathigbe roleved/fomdhk ¢aehe tivmoty ®ateargineperi od. 15.

The cache of .cl ai m%4 \/\herel n the plurality of sets conprise sets of a
mul ti - wayPling LY 9L 438 Ve dhe nmenory. 16. The cache of claim 14,

wherein the tagckfeMr@RRPRMEHAd & d1§dHaFgreXhé ﬁa&@%b eH4f Gds pleQhgRal! e a
seri al tag data access operatron that includes selectin ?he particul ar

set pri oend pes apyosi aw@ﬁhgmaﬁ@lwtrmf@w thg arayaedbeloat edtage diringre

parti cul 7 ch Al i.n 4t conpari son
Circuit réfsgl?a? %]?e]rlodt %;ﬁe?reﬁ\ﬁ chlr%t{igt:k@ats}ﬁft%[ %hea dlpgssgcgl ed o@x{?%e menor y
addr ess mdmgqgaenmmﬁ“drettagiahrgsﬂablﬂmt ot i 1{ﬁéimalneli&t thEldgicasitige of cl aim
14, wherein the di charg% circuitry is configured to selectively couple
each of CRENGNGASF T§° b Watch lines to ground. 19. The cache of claim 18,
wherein the selection circuit selects the particular set based on a set

i ndex of a menory address of data to he retrieved born the cache nenory
and wher ébn t Rbe eaghe af elayn &brvpwrdisthe pluralesiiof ssfs canprisafselgof echuitbwappport a

rnul ti - %a%?&cmﬂ@é(?&:%%% mO%,content addressabl e nenory (CAM tag array
| ookup opera

16.  The cache of claim 14, wherein the tag array comparison circuitry is configured
to enable a serial tag-data access operation that includes selecting the particular set prior

to pre-charging the one match line associated with the particular set.

17.  The cache of claim 16 wherein the tag array comparison circuitry compares the
particular set with the tag portion of the memory address using a contentaddressable
memory (CAM).

18.  The cache of claim 14, wherein the discharge circuitry is configured to

selectively couple each of the plurality of match lines to ground.

19.  The cache of claim 18, wherein the selection circuit selects the particular set
based on a set index of a memory address of data to be retrieved born the cache memory
and wherein the tag array comparison circuitry is configured to support a rnulti-way set

associative content-addressable memory (CAM) tag array lookup operation.



